Background Patient-reported outcomes are increasingly recognized as important to understanding outcomes of medical interventions such as varicose vein surgery (VVS). Our aim was to compare positive outcomes of VVS as defined by several patient-reported measures, and to identify baseline characteristics associated with positive outcomes of VVS. Methods A secondary analysis of the UK Patient-Reported Outcome Measures database was conducted on patients undergoing VVS, in the period 2009-2011 who completed the generic EQ-5D (index and visual analog scale [VAS] summary scores) and disease-specific Aberdeen varicose vein questionnaire (AVVQ). Surgical outcome was defined as positive if pre/post change scores exceeded half a standard deviation of mean baseline scores. Logistic regression models were used to identify significant predictors of positive outcomes, including age, gender, and baseline health. Results Of 9,113 patients analyzed (71 % females, 57 % aged [50 years), positive outcomes were identified in 62 % using the AVVQ, 43 % based on EQ-5D index scores, and 24 % according to EQ-VAS; 10 % improved on all three measures. Patients with poorer baseline functioning (AVVQ scores C11)
Introduction
Varicose veins are a common chronic medical condition that affect up to 17 % of men and 30 % of women [1, 2] . Varicose veins are characterized by enlarged veins that typically occur in the lower extremities and can lead to symptoms of pain, aching, swelling, cramping, and itching. The ability of patients with varicose veins to walk and stand for long periods of time is restricted. Varicose veins can be managed with conservative options, including leg elevation, compression, topical dermatologic agents, and systemic therapies. Severe conditions, characterized by decreased venous flow, can be managed with more invasive therapies. Surgical approaches, including chemical, thermal, and mechanical removal, are considered to be the gold standard of treatment options [3] .
In addition to clinical symptoms, patients with varicose veins also have a worse health-related quality of life (HRQL) than the general population [4] . According to the National Institute for Health and Care Excellence (NICE), the main aim of treatment for venous disease is to improve patient HRQL [5, 6] . Therefore, many studies now report HRQL measures as a primary outcome alongside the traditional clinical measures when evaluating venous interventions [7, 8] . Significant improvements in HRQL after 6 weeks of elective varicose vein surgery (VVS) has been previously demonstrated [4] . However, there is limited insight into patient baseline self-rated health status associated with meaningful improvements in HRQL after VVS. In addition, attainment of positive outcomes of VVS can be more narrowly defined using a disease-specific measure or more broadly using a generic measure of health.
Recent availability of large datasets of patient-reported outcomes of VVS can facilitate insights into the extent to which various aspects of health improve after surgery. In this study, we used data collected by the UK National Health Service (NHS) from the Patient-Reported Outcome Measures (PROMs) program on patients undergoing VVS that included two widely used patient-reported outcome (PRO) measures of HRQL: the disease-specific Aberdeen varicose veins questionnaire (AVVQ) and the preference-based EuroQol-5D (EQ-5D) [9] , which includes an index-based summary score and a visual analog scale (VAS). Our aim was to compare the extent to which positive outcomes of VVS were observed when defined based on different measures of HRQL, and to identify baseline self-rated health associated with positive outcomes of VVS.
Methods
We conducted a secondary analysis of data on VVS from the UK PROMs program. These data are collected by the NHS as part of a national initiative to collect information on the effectiveness of care delivered to patients receiving elective surgery. The PROMs database is linked to the Hospital Episode Statistics database, which covers all admissions to NHS public hospitals, medical centers, and private hospitals in England [10] . Patients who underwent VVS between 2009 and 2011 were included in this study. The PRO measures were completed 1 month before and 3 months after VVS.
Health-Related Quality-of-Life (HRQL) Measures
The AVVQ is a validated disease-specific instrument designed to specifically evaluate HRQL in patients with varicose veins. It comprises 13 items focusing on pain, skin conditions (ulcer, itching, rash, and swelling), and the effect of varicose veins on usual activities. Two surgeons who were involved in the process of item development weighted and scored the items according to their perceived contribution to severity. An overall score is calculated by summating the weighted item scores, and ranges from 0 (indicating no effect from varicose veins) to 100 (indicating severe effect) [11, 12] . The AVVQ has been widely used to evaluate functional status of varicose vein patients in clinical trials [13] .
The three-level EQ-5D is a widely used and validated preference-based generic measure of HRQL that is completed by patient self-report. The EQ-5D consists of a descriptive system that includes five single-item dimensions of health: mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression. Each item has three possible response options (no problems/some or moderate problems/extreme problems) that allow the patients to rate their current state with respect to each of the five dimensions. An index-based single summary score is calculated by applying a societal preference-based algorithm to each set of responses [14] . We used the scoring function derived from the UK population, where index scores range from -0.59 (worst health state) to 1 (best health state) [15] . In addition, the EQ-5D includes a VAS or 'feeling thermometer', where the patient is asked to rate their health today on a scale that ranges from 0 (worst imaginable health) to 100 (best imaginable health).
Statistical Analysis
The prevalence of positive outcomes of VVS was defined based on thresholds for meaningful change in HRQL scores for each measure (EQ-5D index, EQ-5D VAS, and AVVQ) pre/post VVS using a distribution-based approach, as no clinical anchors were available in the data to identify patients as having experienced a clinically meaningful improvement. One convention that has been proposed for identifying patients as improved is a half of the standard deviation (SD) of the baseline scores [16, 17] . Consequently, patients had a positive outcome based on the EQ-5D index if they had a change score (post-minus preoperative score) greater than 0.11; greater than 8 when based on the EQ-VAS; and more than -5 when based on the AVVQ. For sensitivity analysis, we also defined minimally important difference (MID) using a higher threshold for meaningful change (1 SD). In addition, we also reported the number of patients who demonstrated any improvement on each measure, and the mean change score for that group.
Baseline characteristics, including age, gender, diseasespecific HRQL (described by AVVQ scores), and/or EQ-5D dimensions were included as independent variables as appropriate. The public files of PROMs data were limited in the richness of the data elements available, and included only the PRO responses, age (categorized by 10-year age bands), and gender. In the model, age (\50 and C50 years) and gender (male and female) were entered as dichotomous variables. Baseline disease-specific health status was categorized as mild (AVVQ score of\11) or severe (AVVQ score of C11), consistent with Klem et al. [18] , who found the average pre-operative AVVQ score was 11 in patients with mild status based on the clinical, etiologic, anatomic, and pathophysiologic classification, a commonly used clinical classification tool to determine severity of varicose veins. Additionally, we examined whether a positive outcome could be explained by baseline levels of health as reported using EQ-5D dimensions of mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Responses to each EQ-5D dimension were grouped into no problems (level 1) or moderate/extreme problems (level 2 and level 3).
Mean pre-and post-operative scores were compared for the EQ-5D index, EQ-5D VAS, and AVVQ using a twotailed paired t test, while stratified by baseline level of problems with each EQ-5D dimension. To identify patient characteristics that explained/predicted positive outcomes, logistic regression models were developed separately for each outcome measure (EQ-5D index, EQ-VAS, and AVVQ). Four multivariate logistic models were constructed (Table 1) . Odds ratios (ORs) with 95 % confidence intervals (CI) were reported, and a p value \0.05 was interpreted as statistically significant. We examined the correlations between the pre-operative, post-operative, and change scores of the three measures using Pearson correlation coefficients. All analyses were performed using SAS 9.2 Ò (SAS Institute Inc., Cary, NC, USA).
Results

Patient Characteristics
We identified a total of 16,987 patients who received VVS in the PROMs dataset. After excluding those with incomplete pre-or post-operative information (see supplementary material), the final cohort for analysis was 9,113 patients, among whom 57.1 % were aged over 50 years and 71.1 % were female ( Table 2 ). Most patients reported ''no problems'' at baseline in terms of mobility (80.4 %), self-care (97.5 %), usual activities (78.1 %), and anxiety/depression (79.2 %). However, the majority of patients (72.8 %) reported moderate/ extreme problems with pain/discomfort at baseline. Of the patients, 84.2 % reported any score improvement in the AVVQ, 52.3 % in the EQ-5D index, and 40.1 % in the EQ-VAS after VV surgery (Table 1) . When defining positive outcome as a change score C0.5 SD after VVS, 62.1 % of patients had a positive outcome according to the AVVQ, 43.2 % based on the EQ-5D index, and 23.8 % based on the EQ-VAS. Approximately 10 % achieved a positive outcome according to all three measures (Fig. 1) . When we applied 1 SD as the criteria for an important difference, a smaller proportion of patients were identified as having improved, but a similar trend was observed across the measures (Fig. 2) . The AVVQ and EQ-5D index were moderately correlated preand post-operatively (0.41 and 0.49, respectively), while the EQ-VAS was weakly correlated with AVVQ at both measurement periods (0.26 and 0.32, respectively, for pre-and post-surgery). Pearson correlations between change scores were also generally weak: AVVQ/VAS, r = 0.12; EQ-5D index/VAS, r = 0.25; and EQ-5D index and AVVQ, r = 0.32 (Table 3) . Table 1 Predictive models of positive outcomes based on the EQ-5D index, the VAS, and the AVVQ
Model 1
Positive outcome (EQ-5D index) = a ? b 1 9 age ? b 2 9 gender ? b 3 9 baseline AVVQ scores Model 2
Positive outcome (EQ-5D VAS) = a ? b 1 9 age ? b 2 9 gender ? b 3 9 baseline AVVQ scores AD anxiety/depression dimension, AVVQ Aberdeen Varicose Vein Questionnaire, EQ-5D EuroQol-five dimensions, MO mobility dimension, PD pain/discomfort dimension, SC self-care dimension, UA usual activities dimension, VAS visual analog scale
Comparison of Pre-and Post-Operative Scores in HRQL Measures
The mean change in AVVQ scores for the overall cohort before and after surgery was -7.66 (SD 6.8) (p \ 0.0001), which exceeds the benchmark for differences considered important at the group level. The mean change in EQ-5D Fig. 2 Proportion of patients who experienced a positive outcome after varicose vein surgery (C1.0 standard deviation) as defined by each measure (total cohort N = 9,113). *A positive outcome was defined as a change score equal to or exceeding one standard deviation of mean baseline scores, i.e. 0.22 for the EQ-5D index, 16 for the EQ-5D VAS, and -10 for the AVVQ. AVVQ Aberdeen Varicose Vein Questionnaire, EQ-5D EuroQol-five dimensions, VAS visual analog scale index scores was 0.09 (SD 0.09), which was also statistically significant (p \ 0.001). However, no differences in mean change scores were detected with the EQ-5D VAS (-0.2, SD 15.5, p = 0.266) ( Table 4) . When comparing pre-and post-operative change scores within groups stratified based on baseline EQ-5D dimension levels, patients who reported moderate/extreme problems tended to have a greater improvement in AVVQ; however, patients who reported moderate/extreme problems with mobility and self-care had a significantly lower mean in EQ-5D VAS change scores after the surgery.
Predictors of Positive Outcomes
Age \50 years and severe varicose veins at baseline (AVVQ score of C11) were both factors associated with greater odds of positive outcomes according to the EQ-5D index (adjusted OR (Table 5 Model 4) . However, patients with any problem with self-care (0.68 [95 % CI 0.51-0.91]) were less likely to experience a positive outcome as measured by AVVQ after VVS. For all the models, gender was not associated with any positive outcome measured by the EQ-5D index, AVVQ, or EQ-5D VAS.
Discussion
Patient symptoms and quality of life form the basis for some of the criteria that help physicians to evaluate the need for VVS [19] [20] [21] . The AVVQ and the EQ-5D are two HRQL measures that operationalize such criteria and therefore can help to inform the patient expectations of surgery, and perhaps the decision to undergo surgery. However, it is important not to over-interpret these results as the primary basis for deciding on surgery, as many other individual and clinical factors are involved. The results of our study indicate that positive outcomes for VVS will depend on how HRQL is defined, as the greatest proportion of patients experienced improvement in varicose veinrelated functional aspects of health. Approximately twothirds of patients improved to a meaningful extent when using a more narrow definition of HRQL that focuses on varicose vein-related issues as operationalized by the AVVQ, but an increasingly smaller proportion of patients experienced positive outcomes as HRQL was more broadly defined by the EQ-5D index (43 % positive) and the EQ-5D VAS (24 % positive). Disease-specific measures such as the AVVQ are constructed to capture condition-specific HRQL issues that are often the targeted effect of directed clinical interventions, such as surgery. Similarly, a multidimensional generic instrument of HRQL like the EQ-5D, which includes components such as mobility and pain, is intended to capture changes in general dimensions of health. Improvement or decline in specific areas of health may or may not contribute to differences in a self-rating of how the patient feels about their overall health on the specific day of assessment such as the EQ-5D VAS, which may be driven by additional physical and mental components with overall health and patient's expectations with the surgery procedure [22] rather than a societal set of value weights (EQ-5D index score) or simple summary score (i.e. AVVQ). This issue is illustrated by mean change scores on the EQ-5D VAS, which identified only 24 % of patients as having a positive outcome in contrast to the larger proportion of patients categorized as improved using the EQ-5D index summary score and the AVVQ. AVVQ Aberdeen Varicose Vein Questionnaire, EQ-5D EuroQol-five dimensions, VAS visual analog scale, DAVVQ, DEQ-5D index, and DVAS indicates the pre-and post-change score in the AVVQ, the EQ-5D index, and the EQ-5D VAS, respectively a All correlation coefficients are significant (p \ 0.0001)
Differences in the extent of positive outcomes raises the issue of whether one measure is 'more correct' than another and/or should be considered a gold standard. Clinicians tend to identify more with condition-specific measures as they represent issues most germane to the specific clinical conditions of the patients they are treating. As the AVVQ focuses on issues related to varicose veins, it is not surprising that a greater proportion of patients were identified as having a positive outcome using that scale. The added value of a generic measure such as the EQ-5D is its ability to capture changes in a common core set of dimensions of health through its health state classifier, as well as through an overall self-rating of health using a VAS. As the summary scores of the EQ-5D index and VAS represent increasingly broader constructs related to HRQL compared with the AVVQ, each can potentially identify different subsets of patients experiencing a positive outcome, as noted in a comparison of PRO measures in hip replacement [23] . Results suggest the improvement in symptoms and functioning related to varicose veins only translate into important improvements in overall well-being in a subset of patients. The weak correlations between summary change scores of the AVVQ, EQ-5D index, and EQ-5D VAS could indicate that one or more of the measures are less than ideally suited for measuring HRQL in VVS patients, or alternatively, that each captures a different aspect of HRQL and that they potentially complement each other in evaluating outcomes of VVS from a patient perspective.
The magnitude of improvement in HRQL after surgery may depend upon the patient's pre-operative responses. For example, a relatively higher benefit from total discreplacement surgery was found in patients with poorer baseline HRQL and more severe pre-conditions like leg pain [24] . Similarly, our study found poorer functioning status was a significant predictor of positive outcomes in both the EQ-5D index and the EQ-5D VAS. This result is consistent with Lattimer et al. [25] , who found that the patients with the highest pre-operative AVVQ scores (most severe symptoms) had post-operative AVVQ scores that improved the most. These results are understandable, as patients with lower baseline health status tend to have greater opportunity to improve on the scale. This observation can also be explained by the ceiling effect of the measures, as patients with a lower baseline health status have greater room for potential improvement in fixedended PRO measurement scales than patients with higher initial baseline status [26] . In other words, the magnitude of improvement in healthier patients (who have a high score to begin with) will not be as big as the magnitude in the sicker patients (who have a low score to begin with); therefore, patients with lower baseline health status tend to have a greater opportunity to improve on the scale.
Patient-rated problems with mobility, usual activities, pain/discomfort, and anxiety/depression at baseline were significant factors associated with greater benefit from VVS. The current study results were consistent with those of previous studies that found pre-operative problems on the EQ-5D anxiety/depression dimension was predictive of postoperative HRQL of orthopedic surgery and concluded that an appropriate assessment of mental health may help to improve outcomes after surgery [27, 28] . While most problems with most of HRQL dimensions were associated with greater likelihood of a positive outcome, pre-operative problems with self-care were associated with a poorer outcome as defined by the AVVQ. As this result is only exploratory and a small proportion of patients reported self-care problems (225 of 9,113 patients), further investigation of this result is warranted prior to any interpretation for clinical practice.
A particular strength of this study is the large representative population who underwent VVS that facilitated sufficient power to identify baseline characteristics associated with positive outcomes of VVS. The insight gained from this study, in terms of baseline health status, can inform healthcare providers and patients about who may be more likely to benefit or not from surgery in terms of condition-specific and overall HRQL outcomes [25, 29] .
In terms of limitations, information on patient characteristics was very limited, and we did not have access to data on comorbidities, socioeconomic status, or related complications. Therefore, we were unable to adjust for the characteristics that are associated with HRQL and outcomes of VVS, such as concomitant venous disease [30] . Second, we did not have data on the specific type of VVS performed and associated details, such as operating time. Recent endovenous techniques are associated with higher qualityof-life outcomes than conventional surgery [31] . Moreover, there was a high non-response rate for post-operative VVS in PROMs data from 2009 to 2010 and 2010 to 2011, as the return rates for the post-operative questionnaire were around 66.1 and 47.2 %, respectively [10] . Patients who did not respond to the post-operative questionnaire tended to have poorer pre-operative quality of life among the cohorts of PROMs data [32] . Therefore, caution should be taken when generalizing our study results to the varicose vein population. We would also note that because of the large size of the cohort, trivial differences in change scores could be statistically significant. Therefore, we used a benchmark of effect size, which is independent of sample size, to identify and interpret positive/negative outcomes. In selecting half an SD as a threshold to identify patients who potentially experienced a positive outcome, we used a distribution-based approach [17, [33] [34] [35] . More ideally, a clinical anchor-based approach would be used [33] [34] [35] , but no external clinical measures were available in the data. Although the AD anxiety/depression, MO mobility, PD pain/discomfort, Ref reference group, SC self-care, UA usual activities, VAS visual analog scale * p value \0.05 a A positive patient outcome was defined as a pre/post-operative change score C0.5 standard deviation of mean baseline score of the measure, i.e. 0.11 for EQ-5D index, 8 for EQ-5D VAS and -5 for AVVQ distribution-based approach does not provide direct information about the MID, 0.5 SD has been suggested as a starting point for investigating the MID for HRQL measures, and as a general benchmark is considered excessive [33] ; however, further studies are needed to explore different approaches to reporting MID, and focusing on the evaluation of change in HRQL for individual patients, including reliability estimates, standard errors of measurement, and the precise MID anchoring criteria [36, 37] , which will allow for more accurate magnitude of differences that signal an important change on HRQL measures in populations receiving VVS.
Conclusions
In summary, the extent to which VVS is considered successful depended on the PRO measure, and was predictably largest using the condition-specific AVVQ. Using benchmarks for improved change scores on an individual basis was more informative than averages for the overall cohort, as no mean improvement was observed on the EQ-5D VAS for the overall cohort, but 24 % of patients improved on the EQ-5D VAS using 0.5 SD as a benchmark. Patients who reported more severe varicose veins, and had problems with most EQ-5D dimensions except self-care at baseline, were more likely to have positive outcomes after VVS. Unlike the AVVQ, the EQ-5D was not designed to capture outcomes of VVS; however, it also has a role when comparing outcomes between different strategies, and population norms are available to further facilitate comparisons. The discourse between patient and physician on outcomes of VVS can benefit from greater understanding of the factors that contribute to a positive outcome, and help to inform patient expectations about the extent to which surgery is likely to impact upon various aspects of health.
